Evolution of duplicate gene expression in polyploid and hybrid plants.
Allopolyploidy is a prominent mode of speciation in flowering plants. On allopolyploidy, genomic changes can take place, including chromosomal rearrangement and changes in gene expression; these processes continue over evolutionary time. Recent studies of gene expression in polyploid and hybrid plants, reviewed here, have examined expression in natural polyploids and synthetic neopolyploids as well as in diploid and F(1) hybrids. Considerable changes in gene expression have been observed in allopolyploids, including up- or downregulation of expression in the polyploids compared with their parents, unequal expression of duplicated genes, and silencing of one copy. Genes in a variety of functional categories show altered expression, and the patterns vary considerably by gene. Some changes seem to be stochastic, whereas others are repeatable. Gene expression changes can be organ specific. Reciprocal silencing of duplicates in different organs has been observed, suggesting subfunctionalization and long-term retention of duplicates. It has become clear that hybridization has a much greater effect than chromosome doubling on gene expression in allopolyploids. Diploid and triploid F(1) hybrids can show alterations of expression levels compared with their parents. Parent-of-origin effects on gene expression have been examined, and loss of gene imprinting has been shown. Some gene expression changes in polyploids and hybrids can be correlated with phenotypic effects. Demonstrated mechanisms of gene expression changes include DNA methylation, histone modifications, and antisense RNA. Several hypotheses have been proposed for why gene expression is altered in allopolyploids and hybrids.